Sr ratios in stream water behave in 3 different ways depending on moisture and on hydrological conditions prevailing in the catchment. During low water flow periods (discharge < 9 l/s), a positive linear relationship exists between Sr isotope ratio and discharge, indicating the influence of radiogenic waters draining the saturated area during storm events. During high water flow conditions, rising discharges are characterized by significantly less radiogenic waters than the recession stages of discharge. This suggests a large contribution of radiogenic waters draining the deep layers of the hillslopes during the recession stages, particularly those from the more radiogenic north-facing slopes. These results allow one to confirm the negligible instantaneous incidence of rainwater on stream water chemistry during flood events, as well as the existence in the catchment of distinct contributive areas and reservoirs. The influence of these areas or reservoirs on the fluctuations of Sr concentrations and on Sr isotopic variations in stream water depends on both moisture and hydrological conditions. Hence, on a same bedrock type, 87 Sr/ 86 Sr ratios in surface waters can be related to flow rate. Consequently, discharge variations must be considered as a pre-requisite when using Sr isotopes for calculating weathering rates in catchments, particularly to define the range of variations of the end-members.
Sr ratios in stream water have often been used to calculate weathering rates in catchments. Nevertheless, in the literature, discharge variation effects on the geochemical behavior of Sr are often omitted or considered as negligible. A regular survey of both Sr concentrations and Sr isotope ratios of the Strengbach stream water draining a granite (Vosges mountains, France) has been performed during one year. The results indicate that during low water flow periods, waters contain lower Sr concentrations and less radiogenic Sr isotope ratios (Sr=11.6 ppb and 87 Sr/ 86 Sr=0.7246 as an average, respectively) than during high water flow periods (Sr= 13 ppb and 87 Sr/ 86 Sr=0.7252 as an average, respectively). This is contrary to expected dilution processes by meteoric waters which have comparatively lower Sr isotopic ratios and lower Sr concentrations. Furthermore, 87 Sr/ 86 Sr ratios in stream water behave in 3 different ways depending on moisture and on hydrological conditions prevailing in the catchment. During low water flow periods (discharge < 9 l/s), a positive linear relationship exists between Sr isotope ratio and discharge, indicating the influence of radiogenic waters draining the saturated area during storm events. During high water flow conditions, rising discharges are characterized by significantly less radiogenic waters than the recession stages of discharge. This suggests a large contribution of radiogenic waters draining the deep layers of the hillslopes during the recession stages, particularly those from the more radiogenic north-facing slopes. These results allow one to confirm the negligible instantaneous incidence of rainwater on stream water chemistry during flood events, as well as the existence in the catchment of distinct contributive areas and reservoirs. The influence of these areas or reservoirs on the fluctuations of Sr concentrations and on Sr isotopic variations in stream water depends on both moisture and hydrological conditions. Hence, on a same bedrock type, 87 Sr/ 86 Sr ratios in surface waters can be related to flow rate. Consequently, discharge variations must be considered as a pre-requisite when using Sr isotopes for calculating weathering rates in catchments, particularly to define the range of variations of the end-members.
Introduction
Catchment studies often use a combination of hydrologic and chemical techniques to determine the processes controlling the chemistry of surface waters. The analyses of temporal and spatial variations of major and minor element concentrations have proved to be efficient tools (e.g. Likens et al., 1977; Pionke and DeWalle, 1994; Rice and Bricker, 1995; Land and Ö hlander, 1997; Idir et al., 1999) . Nevertheless, their origin is often difficult to determine since multiple sources are possible for a given element. To solve this problem, Sr isotopes were first used by Gosz et al. (1983) and Graustein and Armstrong (1983) with the objective of estimating the importance of weathering and atmospheric inputs to the ecosystems. Rocks and minerals of the same age but with different Rb/Sr concentration ratios generally display various 87 Sr/ 86 Sr due to 87 Rb decay with time. Thus, the Sr isotope ratios in natural waters reflect the contribution of the different rock-forming minerals rather than the value of the whole bedrock itself (McNutt et al., 1990; Probst et al., 1992a Probst et al., , 2000 Bain and Bacon, 1994; Bailey et al., 1996) , since the dissolution rate of different minerals is highly variable (Lasaga, 1984) . The Sr isotope ratios in rainwater and streamwater are often significantly different. Consequently, Sr has frequently been used in catchment studies to differentiate Ca sources, since Sr and Ca behave similarly (Å berg and Wickman, 1987; Gosz and Moore, 1989; Jacks et al., 1989; Miller et al., 1993; Bailey et al., 1996; Clow et al., 1997; Probst et al., 2000) . In addition to weathering processes, atmospheric deposition or cation exchange processes have been shown to greatly influence the behavior of Sr in surface waters (Graustein and Armstrong, 1983; Miller et al., 1993) . However, despite many studies using Sr isotopes, the potential influence of discharge variations on the Sr isotope composition in streamwater has often been omitted or considered as negligible. Most studies have shown that there is little or no effect of flow rate on the Sr isotopic composition in river waters (Bain and Bacon, 1994; Bullen et al., 1994; Bailey et al., 1996; Ne´grel et al., 1997a; Bain et al., 1998) . However, some authors have found significant differences between the Sr isotope ratios measured at low and high water flow in different sized basins (e.g. Palmer and Edmond, 1989; Å berg, 1995; Clow et al., 1997) . Most of them have reported an inverse relationship between the discharge and the 87 Sr/ 86 Sr ratios in stream water. Only Ne´grel and Dupre´(1993) for the Oubangui large scale basin and Krishnaswami et al. (1992) for some Himalayan rivers found that the most radiogenic waters were associated with the highest discharges. These variations were interpreted as the result of differences in the respective contributions of river waters draining silicate and carbonate terrains. Most of these studies have been investigated in catchments that cover many lithologies. Also the periods of sampling (monthly or longer intervals, excepting the works of Å berg and Wickman, 1987 and Bain et al., 1998) were usually insufficient to assess the degree to which discharge variations would influence the Sr isotope ratios of river waters.
The aim of this paper is to report the results of detailed investigations on Sr isotope ratios and Sr concentration in surface waters from a small granitic catchment (Vosges mountains, France) during one year, incorporating high and low water flow periods and several storm events. The objective is to determine the behavior of Sr in surface waters according to various moisture and hydrological conditions in order to appreciate the ability of this element to discriminate contributive areas or sources.
Geological settings

Site description
The Strengbach forested catchment (80 ha area) is located on the eastern part of the Vosges Mountains (North East of France), 58 km SW of Strasbourg (Fig. 1) . The elevation ranges from 883 m at the outlet up to 1146 m at the catchment divide. The slopes are rather steep. The climate is temperate oceanic mountainous and westerly winds dominate. The monthly average daily mean temperature ranges from À2 to 14 C (Probst et al., 1990) , and mean annual rainfall is about 1400 mm (Probst and Viville, 1997 ) with rainfall spread all over the year. Nevertheless, most rainfall occurs in spring whereas the driest season is in autumn. Usually, the snowfall season lasts four months per year from December to April. The total runoff reached 853 mm for the 1986-1995 period (Probst et al., 1995a) , which corresponds to a mean annual discharge of 21.7 l/s.
The bedrock is a base poor leucogranite (The Bre´-zouard granite) aged 315 AE7 Ma (Bonhomme, 1967) . This granite is coarse-grained and has undergone hydrothermal alteration, which is particularly obvious on the south-facing slope of the catchment (Fig. 1, El Gh'Mari, 1995) . Hydrothermal alteration has caused depletion of plagioclase, and precipitation of illite and hematite in the fractured granite (Table 1) (El Gh'Mari, 1995; Probst et al., 2000) . At the upper margin of the catchment, a banded gneiss is in contact with the granite. The soils (here called, HP and PP, Fig. 1 ) belong to the brown acidic to ochreous podzolic soil series (Lefe`vre, 1988) . PP is located in the hydrothermally altered zone. These soils are rather deep (80 cm average), sandy and stony and lie on a saprolite, which can reach up to 10 m depth. They are described in detail by Fichter et al. (1998 a,b) . The humus is an acid mull in PP and a moder in HP. Illuvial horizons of HP (ochreous podzolic soil) are enriched in organic compounds. In PP, pH values range between 3.7 in the surface horizon and 4.6 in the deepest one. In HP, pH is generally about 0.3 units higher than in PP. Both soils are very coarsegrained. The brown ochreous soil (PP) shows higher amounts of skeleton (>2 mm) than the podzolic soil (HP). Clay contents decrease in both soils from upper to deeper horizons. At corresponding soil depths, the fine fraction (< 2 mm) of PP contains twice as much clay as the fine fraction of HP. Coarse sand (0.2-2 mm) represents at least half of the mineral fine fraction in both soils (Fichter et al., 1998a) . The mineralogical characteristics of both soils are given in Table 1 (from Fichter, 1997) . Quartz is very abundant in the shallowest horizons of both soils and its amount progressively decreases from upper to deeper horizons. Feldspars mainly occur in coarse fractions and are more abundant in HP than in PP. The plagioclase content is relatively stable in HP whereas the upper part of PP profile (0-100 cm) is plagioclase depleted. White micas (muscovite) are more abundant in PP than in HP. The amounts of biotite in HP are small and no biotite was detected in PP (El Gh'Mari, 1995; Fichter et al. 1998a) . Secondary minerals in the clay fraction are mainly interstratified illite-vermiculite or illite-smectite assemblages. Smectite is more stable in the confined environment of deep PP horizons (El Gh'Mari, 1995) . Apatite is more abundant in the brown ochreous soil (PP) than in the ochreous podzolic one (HP), particularly in the upper horizons.
A small saturated area with permanent moisture conditions, which only represents 2% of the total catchment area (Probst et al., 1990; Latron, 1990) , occurs along the valley bottom near the outlet. This area can contribute significantly to stream water output, particularly during storm events (Idir et al., 1999; Ladouche et al., 2001) . Forest covers 95% of the total area. Norway spruce (Picea abies Karst.) dominates while mixed silver fir (Abies alba Mill.) and beech (Fagus sylvatica L.) are present over one third of the area.
Site equipment and sampling
The Strengbach catchment (Fig. 1) has been investigated since 1986 (see Probst et al., 1990 for further details) and has been previously monitored to study the effects of acid rain on a forested ecosystem, particularly on the hydrochemistry of surface waters and weathering (Probst et al., 1987 (Probst et al., , 1992a (Probst et al., ,b, 1995a . This site was progressively instrumented and many geochemical, mineralogical and biological studies have been performed (Dambrine et al., 1995; Fichter et al., 1998; Amiotte-Suchet et al., 1999; Idir et al., 1999; Riotte and Chabaux, 1999; Probst et al., 2000; Ladouche et al., 2001; Aubert et al., 2001) .
Granite outcrop, soils (ochreous brown soils) and corresponding saprolite were sampled on the north-facing slope (HP) and the south-facing slope (PP) (Fig. 1) .
As a routine, bulk open field precipitation is regularly collected (every 2 weeks) at 4 sites ( Fig. 1 ) in polypropylene funnel collectors exposed at all times. During the snow season buckets are used. Throughfall is sampled using 2 mlong open gutters and soil solutions are collected at different depths using zero-tension lysimeter plates, both in a beech stand (SSB) and in an old spruce stand (SSS).
Four springs (among which CS1 and CS3) emerging at 4 m depth in the granite at the upper part of the basin are the main contributors to the stream. They flow into a general collector (CR), which is partly harnessed for drinking water supplies (representing 2% of the total runoff; Probst et al., 1992b) . Stream water is controlled by an H-Flume notch weir and water level is monitored both by ultrasonic and mechanical limnigraphs. Stream water and spring water are collected weekly and stream water is also sampled more frequently during flood events by automatic samplers.
In the present study, two first order ephemeral tributaries are also sampled when they flow during the wet season. They drain two different areas: the first one (RN) is located close to the beech stand (north-facing slope), and the other one (ZS) drains the moisture area near the outlet.
Analytical techniques
Water samples were collected in polypropylene bottles and filtered in the laboratory using 0.45 mm Millipore HAWP membranes and then conserved at 4 C. determined by ICP-AES and Rb and Sr by ICP-MS. Conductivity, alkalinity and pH were electrometrically analyzed (alkalinity by GRAN's titration method). 87 Sr/ 86 Sr was measured regularly in stream and spring water all over the period 1997-1998 and less frequently in other types of waters (precipitation, throughfall, soil solutions, tributaries).
The fine fraction (<2 mm) of the different soil samples and the bedrock were digested for 7 days in closed Savilex vessels containing a HF, HNO 3 and HClO 4 mixture. Strontium was separated from other ions using a cation exchange resin (AG 50W-X12, 200-400 mesh) with 1.5 and 4 N HCl as eluents. The total procedural blank was < 0.5 ng. 87 Sr/ 86 Sr=0.710258AE 13 ( AE sigma mean, n=9) was obtained over the period of study.
Results
Hydrological pattern
The annual precipitation (October 1997-September 1998) reached 1050 mm, indicating that this hydrological period was slightly dry compared to the 10a average period of measurement (Probst and Viville, 1997) . The stream discharge variations and the corresponding rainfall amount for the studied period are shown in Fig. 2 . Four major flood events can be identified. The high water flow period occurred between mid October and May. A first major flood event occurs during mid October, with a peak of discharge of 23 l/s occurring within the first hours of the precipitation. Then after a rapid decrease, the discharge increases again for a week without any corresponding precipitation. This is a consequence of the delayed response of water contributions from the upper basin hillslopes (Probst et al., 1995b; Ladouche et al., 2001) . During winter and spring, 3 important flood events occurred. The most important one took place from the end of December 1997 to midJanuary 1998, when precipitation was associated with snowmelt. The mean daily discharge reached 70 l/s at peak flow. The 2 following events occurred between March 1998 and the middle of May 1998 with a mean daily discharge of 40 l/s. In contrast to the first one, these 3 flood events are characterized by prevailing wet conditions and by significant precipitation (> 100 mm). The third flood event was mainly associated with snowmelt. The low water flow period began in mid May. Only a few storm events occurred during that period and have no significant effect on stream discharge which remained most of the time below 5 l/s until the end of the year. The discharge always remained above 9 l/s during the high water flow period (except the first 15 days of February) and reached a maximum of 8.5 l/s during summertime. Consequently, the value of 9 l/s has been chosen as the limit between the high water flow and the low water flow period. 
Chemical and isotopic pattern of surface waters 3.2.1. Sr concentration and Sr isotopic ratios in surface waters
The characteristics of the surface waters and particularly their respective Sr concentrations and Sr isotopic ratios are presented in Table 2 and in Fig. 3 . Open-field precipitation displays the lowest Sr content; the less dilute rainwater seldom reaches 2 ppb Sr. The Sr isotope ratio ranges in between 0.7103 and 0.7129 with a mean value of 0.7115 (n=4). This value is in agreement with the value found by Probst et al. (2000) for this site; however, it is higher than that of seawater ( 87 Sr/ 86 Sr=0.7092, Depaolo and Ingram, 1985) Sr ratio of throughfall is close to, but generally higher, than that of corresponding open field precipitation. It suggests the importance of dry deposition as also mentioned by Gosz and Moore (1989) and Probst et al. (2000) . Cycling through trees is also an important component enhancing concentrations in throughfall and needs to be considered for mass balance. In both stands, the Sr concentration in soil solution increases regularly with depth. Nevertheless, Sr is generally more concentrated, but less radiogenic, in the solutions from soils developed on hydrothermally altered granite (SSS, spruce stand, south-facing slope, Table 1 ) than in those from soils developed on less hydrothermally altered granite (SSB, beech stand, northfacing slope, Table 2 ). The exception is for soil solution at 10 cm depth under spruce (Fig. 3) , which exhibits the highest Sr isotope ratio probably in relation to the importance of radiogenic minerals in the shallower horizons (Fichter et al., 1998a,b) . Spring water and stream water fall in the same range of Sr concentration (10-16 ppb, Table 2 ) and of Sr isotope ratio (0.7240-0.7263). This indicates that the Sr isotopic composition of stream water is imported early in the upper part of the catchment Sr ratios in streamwater are significantly more radiogenic than those in precipitation (Fig. 2) and are similar to those measured before in the same stream (Riotte and Chabaux, 1999; Tricca et al., 1999; Probst et al., 2000) .
The first order tributary draining the north-facing slope (RN) and the drain from the saturated area (ZS) (see Fig. 1 and Table 2 ) are more concentrated in Sr and more radiogenic than the main stream at the outlet (RS). RN is characterized by a high Sr isotope ratio in agreement with what is observed for soil solutions draining the beech stand from the same slope. Fig. 4 represents the trend in Sr content, base cations and silica in relation to rainfall amount and discharge variations in stream water all over the year. As a whole, Sr concentrations range between 10 and 14.5 ppb. Nevertheless, significantly higher concentrations can be observed during the high water flow period (11.5-14.5 Fig. 3 . 87 Sr/ 86 Sr in waters collected in the Strengbach catchment. Bars represent the range of ratios and the symbol is the average ratio measured for each water type (see Fig. 1 for sampling point locations). ppb) compared to the low water flow period (10-13 ppb). This is contrary to the expected dilution process by meteoric waters (low Sr concentration and low Sr isotope ratio) that is frequently reported in the literature (e.g. Å berg et al., 1989; Palmer and Edmond, 1989; Ne´grel and Dupre´, 1993; Bain et al., 1998) . The highest Sr concentration is recorded at the end of March just after the second major flood event when the soil moisture is high, notably in the upper part of the catchment. After the last main flood event (May 1998), Sr concentration decreases significantly; it reaches its lowest value (10 ppb) at the beginning of June and it fluctuates around values of 11.5-12 ppb during the dry period. Afterwards, by September 1998 with the occurrence of the first flood events, the Sr content increases again together with Ca, Mg and K (Fig. 4) , probably as a result of soil leaching. These latter elements have been considered to be involved in the biological cycle and in exchange processes (Probst et al., 1990) . Ca and Sr are commonly assumed to have a similar geochemical behavior in surface waters Å berg et al., 1990; Wickman and Jacks, 1993; Bailey et al., 1996; Clow et al., 1997) . In the Strengbach catchment a positive linear relationship is observed between Ca and Sr in all water types (Probst et al., 2000) . Nevertheless, Ca and Sr are not significantly related in streamwater over the one year period of measurements, contrary to silica and Na, which mainly originate from albite weathering. For all base cations and silica, except Sr, the maximum dilution is observed during the snowmelt period (April) because of the importance of subsurface flow (Stottlemyer et al., 1997). Afterwards, Na and Si concentrations increase during the early beginning of the low water flow period and reach values around 155 and 95 mmol l À1 respectively (Fig. 4) , in relation to the increasing importance of the weathering solution. In contrast, Sr, Ca, Mg and K concentrations continue to decrease because of biomass uptake (Probst et al., 1990) .
Trends in Sr and major element concentration in stream waters
Variation in Sr isotope ratios
The trend of the 87 Sr/
86
Sr ratios in stream water over the sampling period follows, as a whole, the same pattern as the Sr concentration (Figs. 4 and 5 During winter and spring, each major flood event (1,2,3,4) is characterized first by a slight decrease of the Sr isotope ratios with rising discharge. Then, the highest Sr isotope ratio is reached after the peak flow (Fig. 5) .
As shown by the general positive relationships between discharge and 87 Sr/ 86 Sr ratios (Fig. 6) , overall the higher the discharge, the higher the Sr isotope ratio in streamwater. In the Strengbach, 3 different positive relationships of 86 Sr/ 87 Sr versus discharge can be distinguished according to moisture and hydrological conditions (Fig. 6) Thus, all over the high discharge period, the rising flows (2) display lower Sr isotopic ratios than the waters of equivalent decreasing discharge (3) (histeresis pattern). This suggests a significant contribution of waters with more radiogenic Sr from the hillslopes during recession periods.
Specific Sr behavior during flood events
The specific behavior of Sr has been investigated for the first two consecutive flood events of the hydrological year (1, 2 Figs. 2 and 7) . The first flood (October 1997) is generated by heavy rainfall (about 80 mm for 3 days) and is characteristic of a flood occurring after prevailing dry conditions in the catchment (Fig. 5) . This pattern corresponds to the instantaneous response of the small saturated area connected to the stream to a significant rainfall amount (Probst et al., 1995a,b; Idir, 1998) . The second flood event (December 1997-January 1998) takes place during a more humid period and reaches higher discharges. Fourteen samples covering this period have been analyzed (Fig. 7) .
The first two samples (1, 2), collected before the first flood event, correspond to base flow conditions. During the whole storm flow period, the range of Sr concentration is relatively large: between 11 ppb (sample 12) and close to 14 ppb (samples 6 and 14) . No obvious relationship can be identified between the Sr concentration and the discharge. Sr ratios (Fig. 7, samples 3 and  8 ), corresponding to a dilution process by meteoric waters. Then, for the first flood event (P>50 mm), rainfall stops whereas the 87 
Sr/ 86
Sr ratio increases strongly with increasing discharge and reaches values characteristic of the high water flow period. The second event presents the same pattern, however, the range of variation is less important. The highest 87 Sr/ 86 Sr ratio (0.7254) is recorded during the middle of the flood event (sample 10), just after the highest peak of discharge, which unfortunately could not be sampled. Then, the Sr isotope ratio decreases becoming less and less radiogenic during the recession stage of the discharge. The period between these two specific events (samples 6 and 7, Fig. 7 ) is characterized by stable Sr isotope ratios around 0.7252.
Discussion
In the Strengbach catchment, the chemistry of the stream water is mainly determined upstream since spring water shows the same ranges of Sr content and of Sr isotopic ratios (Probst et al., 2000) . Moreover, the temporal evolution of the 87 
Sr/ 86
Sr ratio in spring water varies in the same way, that is to say, the lowest Sr isotope ratios are recorded during the low water flow period. Fig. 6 . Relationships between the Sr isotope ratios and discharge according to hydrological conditions. Thus, as a whole, the expected dilution phenomenon by meteoric waters (with low Sr concentrations and relatively non-radiogenic Sr) does not occur during the high water flow period. This is contrary to the results from Ne´grel et al. (1997b) for the Zagat River (Massif Central, France), Clow et al. (1997) for a stream water on granitoid rocks and Å berg (1995) for a stream in Central Sweden. These results are also opposite to what has generally been observed in most of the small silicate catchments where little or no change in stream water 87 Sr/ 86 Sr ratios versus discharge has been detected (Bain and Bacon, 1994; Bullen et al., 1994; Bailey et al., 1996; Ne´grel et al., 1997a; Bain et al., 1998) . However, this is in agreement with the results from Ne´grel and Dupre( 1993) for a large scale basin (Oubangui river), where the variations were related to different bedrock weathering contributions.
In the granitic Strengbach catchment, depending on prevailing moisture and hydrological conditions, various end-members or contributive areas (upper or deeper soil Sr ratio in streamwater and discharge during two consecutive flood events.
profiles, north and south-facing slopes, saturated area) can be invoked to explain such variations of Sr isotopic composition. During the low water flow period, stream water mainly originates from the springs (such as CS3) and tributaries from the south-facing slope, which are as well as soil solutions and soil material somewhat less radiogenic than that of the north-facing slope (Tables 2  and 3 ). Low Sr isotope ratios in streamwater were also observed after dry conditions in winter (February 1998) . In contrast, during the high water flow conditions, the contribution of the waters draining the north-facing slope becomes significantly more important, as a result of the recharge of the significant reservoir of water located in the thick glacial deposits (Latron, 1990) . This is indicated by the more radiogenic 87 Sr/ 86 Sr ratios in soil solution (SSB), tributary RN, spring water CS1 and the solid material from profile HP (Fig. 1, Table 2 ). In this catchment, silica has been identified as a good chemical tracer of stream water origin during storm events (Idir et al., 1999) as in other small catchments (Pionke et al., 1993; Rice and Bricker, 1995 Sr on the other hand, in spring waters (Fig. 8 a, b) means that during base flow conditions, the weathering of albite (Na and Si rich mineral) and apatite (low Sr isotopic composition) is the main process explaining the low Sr isotopic ratio and the high silica content (Probst et al., 2000 ; Aubert et al., 2001) . Particularly, this suggests the importance of the contribution of the deep waters draining the southern hillslope to the streamwater, as indicated by the chemical and isotopic characteristic of CS3 (spring water from the southern hillslope). In contrast, during the high water flow conditions, the high Sr isotope ratio linked to the low silica or low Na concentration indicates the major contribution of waters draining the north-facing slope (Table 2) . This is clearly indicated by the behavior of CS1 if comparing the isotopic values between low and high discharge conditions ( Fig. 8a and b) . Indeed Idir et al. (1999) and Ladouche et al. (2001) have demonstrated from DOC, silica and O isotopes that even during storm events only a very small amount of rainwater (2-10%) contributes to the storm runoff. They have also identified the waters draining the deep hillslopes as the major contributors to the stream flow and consequently, to the spring waters.
The higher Sr, Ca, K and Mg concentrations measured in streamwater during the high water flow period reinforces the suggestion that the influence of rainwater which is Ca and Sr poor (Probst et al., 2000) is weak. Moreover, the significantly lower values from May to September (vegetation activity period) is due to biomass uptake. In contrast, silica and Na are not involved in biomass activity and the observed patterns are the result of simple dilution/concentration phenomenon. Elements released out of the Strengbach catchment originate from mineral weathering or exchange processes in the soil/ saprolite (Probst et al., 1992b) . Strontium which is often used as a proxy for Ca seems to behave in a similar way to the other nutrients (Ca, Mg, K). Nevertheless, Elias et al. (1982) or Poszwa (2000) in the Strengbach catchment demonstrated that Sr and Ca could behave differently through biomass uptake, Sr/Ca decreases between stem to leaf indicating that Ca would be preferably transported to the foliage. This is confirmed by the significantly lower Sr/Ca ratio found in throughfall compared to bulk precipitation. Hence, throughfall seems to be influenced by the canopy leaching of biomass characterized by a much lower Sr content (Bailey et al., 1996) .
During base flow conditions, the positive linear relationship between 87 Sr/ 86 Sr ratios and discharge is linked to the obvious influence of the waters draining the saturated area, which are more radiogenic (Table 2) . During this period, rainfall is mainly intercepted, evaporated, partly used by the biomass or contributes to reload the soil moisture. Only the small saturated area reacts to rainfall events as shown by Ladouche et al. (2001) , and thus contributes noticeably radiogenic water to the stream flow. During the particular event occurring after the base flow conditions, the regular rise of 87 Sr/ 86 Sr ratios with increasing discharge is probably the result of a mixture of water originating from the saturated area and from the more radiogenic deep layers of the hillslopes (Table 3) .
Concerning the following flow event, the pattern is similar, however, the 87 Sr/ 86 Sr is more radiogenic and the lower range of variation is due to antecedent humid conditions. Before the flood event, the contribution of Sr probably more homogeneous within the whole catchment. The occurrence of more radiogenic waters during the decreasing stages of discharge suggests the significant contribution of waters originating from the deep layers of the northern hillslopes by piston flow process, as already shown using silica and DOC (Idir et al., 1999; Ladouche et al., 2001) . Afterwards, the proportion of waters draining the south-facing slope becomes more and more important as indicated by the decrease of the 87 Sr/ 86 Sr. The north-facing slope and the south-facing slope do not provide waters with the same Sr isotopic composition to the stream, which can be explained in terms of weathering processes within the Strengbach catchment. The first hypothesis that can be formulated to explain the different behavior on both slopes is that the weathering rates of the different minerals are not the same due to inhomogeneous water/rock ratio or soil moisture, for example. But these phenomena are hard to check in the field. What is mostly probable is that the minerals do not contribute to the same extent to the Sr isotopic composition of the surface waters first, because Sr is not congruently released through mineral weathering since each mineral dissolves at a different rate to the other, and second, because the proportion of the minerals in the granite is different from one slope to another (El Gh'Mari, 1995 , Probst et al., 2000 . Moreover the minerals are not uniformly distributed in the weathering profiles. Fichter et al. (1998a,b) show that the soil profile located on the south-facing slope (PP) that has undergone a strong hydrothermal event is substantially depleted in plagioclase compared to soils located on the opposite slope (north-facing one, HP) (see Table 1 ). Plagioclase is one of the most weatherable minerals of the bedrock and seems to contribute to a large part to the Sr isotopic ratio of the stream water (Probst et al., 2000) . Thus, where plagioclase content is greatly depleted, increasing contribution of the leaching of accessory Sr-bearing minerals like apatite which has a low 87 Sr/ 86 Sr ratio compared to plagioclase (0.716 and 0.742, respectively; Aubert et al., 2001; Probst et al., 2000) would consequently decrease the Sr isotopic composition of the weathering solutions. The more radiogenic Sr ratio of the HP soil profile (north-facing slope) compared to PP (south-facing slope) is in agreement with this pattern. Moreover, the PP soil profile lays on the hydrothermally altered granite which is highly fractured, even at a mineral scale (El Gh'Mari, 1995) . This fracturing certainly enhances the weathering of minerals thanks to greater surface contact between mineral and solution, and thus favors the release of Sr from apatite which is the most weatherable mineral in this granite facies (Aubert et al., 2001) .
During dry conditions, waters draining the southfacing slope mainly contribute to streamwater. This suggests that the granitic weathering end-member ratio is not homogeneous contrary to the study of Bain et al. (1998) in a Scottish catchment. Its relative importance varies according to moisture conditions and consequently, in the function of the different contributive areas involved. Thus, as mentioned by Bain and Bacon (1994) caution must be exercised if using the Sr isotope ratio method (as analog to Ca) for calculating Ca budgets or weathering rates because the sources of Sr (i.e weathering) may not be constant even for a silicate bedrock end-member. Graustein (1988) and Bailey et al. (1996) also suggested that the 87 Sr/ 86 Sr ratio of weathering in a granite body is hard to determine since Sr isotopic ratios can differ from site-to-site, mineral-tomineral and also with time. Consequently, in the case of both small and large scale basin approaches, it is necessary to discuss the respective contributions of bedrock weathering in term of ranges of 87 Sr/ 86 Sr end-members rather than absolute values.
Conclusion
The 87 Sr/ 86 Sr ratio and Sr content regularly measured over one year of sampling at the stream outlet of the granitic Strengbach catchment clearly show variations between 0.7242 and 0.7256, and between 10 and 14.5 ppb, respectively. These values are significantly higher during the high water flow period compared to the low water flow period, suggesting that both isotope ratio and Sr concentration depend on the hydrological and moisture conditions in the catchment. Rainwater, which is Sr poor and less radiogenic has no noticeable influence on the Sr isotopic composition of streamwater since the more the catchment is water-saturated, the more the surface waters are radiogenic and Sr enriched. During flood events, the rising discharge is usually characterized by lower Sr isotope ratios as compared with the decreasing flows. These differences have been explained by the important contribution of waters from the deep soil profile during the recession stage but also by the relative importance of waters from distinct contributive areas such as the opposite slopes and the saturated area of the catchment. Those areas provide waters with specific Sr isotope composition and Sr concentration in relation to the mineralogical compositions of the weathering profiles developed on a granite which has more or less undergone hydrothermal alteration. The respective contribution of the drainage waters is thus a function of the moisture and hydrological conditions prevailing in the catchment.
For the first time, this study clearly shows that, even on an homogeneous granitic bedrock, the 87 Sr/ 86 Sr ratios of the streamwater vary with discharge. In consequence, it contradicts the established statement that flow rate has no effect on Sr isotopic composition in river waters. Thus, it is recommended that extreme hydrological conditions be considered when using Sr isotopes as a tracer to determine the weathering endmember in catchments because the range of variations can be important and can trigger incorrect calculations of weathering rates, both in small or large scale basins involving different rocks.
